endothelial system (RES neoplasms) they are liable to cause loss of immunological competence before they are clinically recognizable. Since these early effects may have lethal consequences, the true prevalence of RES neoplasms is difficult to identify, especially in infection-sensitive age groups and populations with high death rates from infection. An inevitable consequence of a nuclear holocaust is a high infection death rate. Therefore, a population of A-bomb survivors is a totally unsuitable one for studying the precise nature of the association between ionizing radiation and human cancers.
WE can be reasonably certain that cancers have long latent periods during which abnormal cells that are no longer under hormonal and other controls (mutant or pre-cancer cells) will sooner or later find an opportunity to begin multiplying at the expense of their normal counterparts. Consequently, when cancers originate in the reticulo-endothelial system (RES neoplasms) they could be in a position to cause considerable loss of immunological competence before there was any means of recognizing the true state of affairs. Since this eventually would be associated with difficulty in recognizing the true frequency of these diseases in infection-sensitive age groups (or the true frequency of radiation-induced cancers following a nuclear holocaust) we decided to include in an extensive MantelHaenszel analysis of data from the Oxford Survey of Childhood Cancers (OSCC) (Kneale and Stewart, 1976a, b, 1977) a test of the following null hypothesis: "there is no increase in the prevalence of non-fatal illnesses before the clinical onset of a childhood cancer, and no difference in this respect either between children who eventually developed RES neoplasms and solid tumours or between secondary infections and other non-fatal illnesses".
METHOD)S ANI) MATERIAL
Data sources-Most of the data for testing this hypothesis were obtained directly from mothers, who were usually interviewed within 3 years of the single cancer death affecting each case/control pair in the Oxford Survey (Stewart and Barber, 1962) . Each of these pairs was formed by 2 children who lived in the same locality and also had sex and date of birth in common (original matching factors) but in each pair there was one child who had died of cancer before 15 years of age during the period 1953 to 1970 (cancer case) and one child picked at random from a local birth register (live control). For these live and dead children there were records of all the illnesses from which they had fully recovered before the mother of the dead child had any reason to suspect the fatal disease (as recollected by their mothers) and for each of these "pre-onset illnesses" there was usually a record of the interval between recovery and the relevant caincer death (pre-death period). Finally, the cancer cases included 5778 RES neoplasms and 4778 solid tumours and the non-fatal diseases and injuries were also coded according to the 8th revision of the International Classification (World Health Organization, 1967; see Table III ).
Method.-The only sources of information about pre-onset illnesses were mothers of live and dead children. Therefore, we were faced with the possibility of biased reporting which, even if it did not affect all the non-fatal illnesses, would certainly affect some of the illnesses with short pre-death periods since, unless an accident had necessitated admission to hospital or been rapidly followed by a fatal cancer, it would probably be forgotten. Therefore, it was necessary to have at least one test of the null hypothesis which avoided comparisons between live and dead children.
The cancer cases and their live controls came from all parts of Britain and all walks of life, and the death ages of the cancer cases ranged from 0 to 15 years. Therefore, it was essential to control for any effects of local epidemics and final ages on total illness 140-199; 210-239. liability as well as for any effects of previous illnesses on future illness liability. The purpose of the test was also to discover whether the notorious "infection-sensitivity" of leukaemia patients was the result of latent period changes. Therefore, it was important to distinguish, not only between cancers with and without direct involvement of the immune system, but also between the following groups of non-fatal illnesses: (i) (Table II) . Also it would allow the testfactor levels to be time periods related to the events which distinguished sharply between the live and dead children (i.e. the cancer deaths). Therefore, it would be possible to have one test of the null hypothesis which was unaffected by different standards of reporting by mothers of live and dead children (R/S analysis), and to have other tests which would disclose the conditions most affected by this potential source of bias (R/L and S/L analyses).
By dividing the pre-onset illnesses into 14 diagnostic categories, and having as testfactor levels 6 pre-death periods (including "never") it was possible to distinguish between: (i) infections and other pre-onset illnesses; (ii) primary and secondary infections; (iii) memorable and easily forgotten illness and (iv) remote and recent illnesses (Table II) . Also with 14 test factors and 6 test-factor levels there would be automatic control of any effects of past illnesses in future illness liability (Mantel and Haenszel, 1959) . Therefore it would only need 2 "extra" controlling factors, namely date of birth and final age, to obtain full control of any effects from local epidemics and final age.
In a Mantel-Haenszel analysis it is imperative for all members of test and control groups to be mentioned once and once only in relation to each test factor. Therefore, it was necessary for each group of unaffected Scarlet fever Measles Miscellaneous 9-1 8-2 7-4 6-6 6-1 3-5 3-5 3-5 * Significance levels for chi-squares (with 5 d.f.): 11-07: P = 0 05; 15-09: P = 0-01; 22-00: P = 0-001. Test-factor levels or pre-death periods (as in Table II) 
+0-2 * Significance levels t = 2-0, P = 0 05 ) t = 2 6, P =001 + = observed illnesses more than expected. t = 3-3, o.ooPobserved illnesses fewer than expected 5 -2-9 -2-7 -3-2 -3-4 -1-3 -1-3 was given the pre-death period of the second attack and any child who had had repeated attacks of bronchitis followed by pneumonia was given the pre-death period of the final illness.
The effects of converting all pre-onset illnesses into final attacks of closely related illnesses can be seen by comparing Tables IV and V. These tables show the results of straightforward comparisons between the cancer cases and their matched controls (crude analysis) and thus allow one to see that, when the only controlling factors were sex, date of birth and region, the case/control ratios were much higher for minor accidents and infections than for other illnesses; also higher for the mixed groups of primary and secondary infections than for the single primary infections, and higher for recent than for remote attacks. Thus, for the group of minor injuries the case/control ratio was 3-8 for all attacks and 7-2 for final attacks in the shortest pre-death period (under 1 year). For the largest groups of primary and secondary infections (bronchitis etc.) the corresponding figures were 1-4 and 1-7, and for the largest group of primary infections (measles) they were 1-0 and 1-0.
Fully controlled analysis.-In the Mantel- Haenszel analysis the question whether any of the illness groups were unevenly divided between the test and the control groups was settled by reference to the chi-squares in Tables VI, VIII and X. Then, for each of the illness groups which had recorded chi-squares greater than 11-1 (with 5 degrees of freedom this is significant at the 5% level) there were t values for each test-factor level (Tables VII,  IX and XI) and a progressive component t value (Table XII) . The test-factor t values showed which of the pre-death periods was responsible for the overall difference, and the progressive component t values carried positive and negative signs which showed whether the difference was increasing or decreasing with progressive shortening of the pre-death period (see footnote to Table XII, also Mantel, 1963) .
In theory the significant findings in these tables could have 3 different origins: either 
+2-3 +1-1 +0-5 I*** Significant chi-squares in all 3 analyses. * Significant chi-squares in the R/S analysis only.
Italics: non-significant chi-squares in all 3 analyses. Finally, the third postulated effect would certainly affect RES neoplasms more than solid tumours, infections more than other illnesses, secondary infections more than primary ones, and recent more than remote attacks. Therefore, there would be higher chisquares for the 3 illness groups which in-
eluded secondary infections than the other groups in the R/L than the S/L analysis. Also the progressive component t values would be indicative of a mounting risk with progressive shortening of the pre-death period, and (most important) the R/S analysis would be affected as well as the R/L analysis.
RESULTS

R/S analysis
The 3 illness groups which included secondary infections had chi-squares ranging from 26-4 to 11b8 (Table VI) . Only 3 of the remaining 11 groups had similar findings, and they were whooping cough (17.4) fractures and burns (17.3) and rubella . For the 3 groups representing secondary infections, the t values for the shortest pre-death period ranged from +4-2 to +2-0 (Table VII) and the progressive component t values from -4-3 to -2-1 (Table XII) .
Therefore, in a fully controlled analysis of 2 groups of dead children (RES neoplasms and solid tumours) the null hypothesis was firmly rejected in favour of the theory which expects any cancer with direct involvement of the immune system to begin undermining resistance to infections before it is clinically recognizable.
R/L analysis
There were exceptionally high chisquares for the groups of minor injuries (369.7) and minor infections (161.6). Also, the chi-squares for 3 mixed groups of primary and secondary infections ranged from 66-6 to 53'8 (Table VIII) . In addition there were significant chi-squares for fractures and burns (41.6), scarlet fever (13-0) and measles (11.7) . For 5 illness groups with exceptionally high chi-squares (over 50.0), the t values for the shortest pre-death period ranged from +11 1 to + 6-2 (Table IX) and the progressive component t values from -180 to -6-4 (Table XII) .
Therefore, in a fully controlled analysis of a situation which allowed ample scope for biased reporting by mothers of live and dead children, there was definite evidence of such an effect. The evidence also suggests that mothers can easily recall a trivial complaint if it is shortly followed by a cancer death, but have difficulty in recalling similar complaints of healthy children.
S/L analysis
The chi-square for minor injuries (367.9) was virtually the same as in the R/L analysis, but the values for 4 mixed groups of primary and secondary infections (including minor infections) though statistically significant, were much lower than the ones recorded in the R/L analysis (Table X) ; and only one of the other illness groups (miscellaneous) had a chi-square >11 1. For the group of minor injuries, and 3 of the infection groups the t values for the shortest pre-death period ranged from +10-7 to +2-6 (Table XI) (Table XII) .
Taken in conjunction with the R/L analysis, these findings are suggestive of (i) under-reporting of minor injuries and infections by mothers of live children, (ii) equally good reporting of highly infectious diseases by the mothers of live and dead children and (iii) greater differences between RES neoplasms and live controls Table XIII . For remote attacks of bronchitis, tonsillitis and gastroenteritis, there were negligible differences between the test group (RES neoplasms) and 2 control groups (cancer controls and live controls) but for recent attacks (i.e. within a year of the fatalities) the risk was 50-100% higher for the test group than for the cancer controls, and 250-300o higher for the test group than for the live controls.
DISCUSSION
According to a fully controlled analysis of data from an ongoing retrospective survey of childhood cancers, there is probably a period of several months before the clinical onset of certain childhood cancers when infection risks are abnormally high. This is probably due to cancers of the immune system having latent-period effects which either prevent normal development of the affected cell systems (exceptionally young cases) or reduce the level of immunological competence (older cases).
It was only possible to compare the illness risks of children who later developed RES neoplasms (test group) with children who either developed solid tumours (cancer controls) or were representative of normal children (live controls). These comparisons showed that in relation to several primary infections (which were also highly infectious diseases, e.g. measles) there was little or nothing to choose between the 3 groups of children. However, in relation to 3 mixed groups of primary and secondary infections (which are only common among infants and substandard children) there were significant differences between the Although the data were only suitable for detecting the non-lethal component of any infection risks associated with precancers, an earlier study, based partly on the Oxford Survey and partly on official statistics of mortality, demonstrated a lethal component of the risk, and showed that this was responsible for more preleukaemia deaths before antibiotics were discovered than in recent years (Kneale, 1971) . By combining the 2 studies, we have produced estimates of immediate and delayed effects of both components, and made them applicable to British children born between 1940 and 1950 (Table XIV) .
According to these estimates, unrecognized leukaemias or latent-period deaths ascribed to pneumonia were twice as common as recognized cases, and for every child who had recovered from an attack of pneumonia before developing leukaemia there were 7 or 8 children who died from pneumonia during the terminal phase of preleukaemia.
In the light of these observations, it is hardly surprising that the discovery of antibiotics was followed by an upsurge of acute leukaemia deaths, followed by a more gradual rise in the death rates for other RES neoplasms. The extra cancer deaths were first concentrated in countries with high standards of medical care and in infection-sensitive age groups (Hewitt, 1955) but eventually all countries experienced similar changes, which gradually brought the age distributions of their leukaemia and lymphoma deaths into line with the ones which have been recorded in this country since 1968 (Stewart, 1972) .
A single exception to the general rule exists, inasmuch as there is no country which has recorded a significant increase in the number of myeloid-leukaemia deaths within 5 years of birth. However, this can be explained by assuming that, when cancers combine near-conception origins with rapid growth rates and involvement of the immune system, they may end by making a newborn child totally dependent upon passive immunity for survival. Consequently, latent-period deaths might take the form of cot deaths rather than infection deaths (Stewart, 1975 (Stewart, , 1977 .
Finally, according to the estimates in Table XIV an attack of pneumonia which coincides with an advanced stage of preleukaemia is at least 50 times as likely to prove fatal as a "normal" attack. Consequently, the OSCC-based estimates of the cancer risks associated with foetal irradiation which were published in 1970 (Stewart and Kneale) are only directly applicable to children with similar infection risks.
This conclusion has important consequences for survivors from the 1945 atomic explosions, since an inevitable consequence of any nuclear holocaust is an exceptionally high infection-death rate for several years after the event. These early deaths are bound to have a disproportionate effect on infection-sensitive individuals. Therefore, it is clearly dangerous to use a population of A-bomb survivors to study the precise nature of the relationship between ionizing radiation and human cancers.
An example is a 10-year follow-up of 1250 A-bomb survivors (who were exposed in utero to less than 500 rad) which only succeeded in identifying one (non-leukaemic) cancer death. According to OSCC estimates of risk the expected number of radiogenic cancers was 20-0, and according to national statistics the expected number of non-radiogenic cancers was 0-82 (Jablon and Kato, 1970) . The wide discrepancy between the first 2 numbers has often been quoted as a reason for doubting the validity of OSCC estimates. However, unless human foetuses are totally insensitive to the leukaemogenic effects of radiation, there should have been some cases of leukaemia among the A-bomb survivors. Therefore, we can only suppose that the proportion of unrecognized leukaemias (due to latent-period abortions or deaths) was much higher in this population than in the one covered by the Oxford Survey.
The Oxford Survey data were collected by a nation-wide network of doctors attached to County and County Borough Health Departments. The costs of the Mantel-Haenszel analysis were covered by the United States Department of Health, Education and Welfare (Contract Number 223-76-6026 negotiated by the Bureau of Radiological Health).
